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Background of the Invention 

Dihydroorotate dehydrogenase (DHOD) is an en- 
zyme in the de novo pyrimidine biosynthetic pathway. 
Certain anticancer compounds have been reported 
as having inhibition of DHOD as their mode of action. 
Biochemical Pharmacology, Vol. 40, No. 4, pp. 709- 
714, 1990. 

Phenoxyquinolines are a novel class of plant fun- 
gicides described in detail in U.S. Patent No. 
5,145,843, European Patent Application 326330, and 
laid open Japanese application 246263/1989. One 
compound in this series is 8-chloro-4-(2-chloro-4- 
fluorophenoxy)quinoline (CCFQ). CCFQ completely 
inhibits the fungal pathogens Botrytis cinerea and 
Penicitlium digitalum at 50 jag/ml in greenhouse tests. 
The fungicide has an IC 50 (concentration that inhibits 
growth by 50%) of 0.15 (.ig/ml against Aspergillus ni- 
dulans . The fungi Cephalosporium and Neurospora 
are also sensitive to CCFQ. 

We have discovered that the fungicidal activity 
exhibited by at least some of the phenoxyquinolines, 
including CCFQ, is a result of their inhibition of 
DHOD. This is a previously undescribed mode of ac- 
tion for fungicides. 

Summary of the Invention 

One aspect of the present invention is a method 
for identifying potential fungicides which comprises: 

(a) testing a candidate compound in a DHOD in- 
hibition assay, and 

(b) if the candidate compound is active in the 
DHOD inhibition assay, testing the compound for 
activity against fungi. 

Another aspect of the invention is a method for 
identifying potential plant fungicides which comprises 
testing a candidate compound in a DHOD inhibition 
assay wherein the assay utilizes DHOD isolated from 
any of the following plant pathogens: Pyrenophora 
teres, Rhynchosporium secalis, Venturia inequaiis, 
Alternaria mail, Rhizoctonia solani, Fusarium sp., 
Leptosphaeria nodorum, Pseudocercosporella her- 
potrichoides, Pyricularia oryzae, Pyricularia grisea, 
Phytophthora infestans, Phytophthora sp.,Pythium 
sp., Mycosphoerella tritici, Gorticium sasakii. 

Another aspect of the invention is a fungicide 
method which comprises applying a fungi inhibiting 
amount of a DHOD inhibitor to the locus it is desired 
to protect from fungi. 

A further aspect of the invention is a fungicide 
composition comprising a DHOD inhibitor as the ac- 
tive ingredient in combination with a carrier. 

Yet another aspect of the invention is a fungicide 
composition comprising a DHOD inhibitor in combin- 
ation with another fungicide. 
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Detailed Description of the Invention 

The physiological and biochemical responses 
caused by the experimental fungicide CCFQ are not 

5 characteristic of known modes of action. Treatment of 
Aspergillus nidulans with CCFQ perturbs cell wall 
synthesis in a non-specific manner, but causes no 
significant changes in respiration, lipid composition, 
amino acid content, or protein accumulation. It causes 

w an unusual effect on synthesis of nucleic acids in that 
incorporation of radiolabeled precursors is stimulated 
by treatment with CCFQ. The nature of the mode of 
action for CCFQ was first suggested by growth reme- 
diation experiments. Some media supplements over- 

15 came growth inhibition by CCFQ. However, only a 
combination of uracil and a scavenger of free radicals, 
such as a-tocopherol, gave complete reversal. All 
these observations are consistent with the primary 
target of CCFQ being an electron- transfer ring en- 

20 zyme in the pyrimidine biosynthetic pathway. The 
only such enzyme, DHOD, is in fact extremely sensi- 
tive to CCFQ in in vitro tests. Moreover, mutant Asper- 
gillus nidulans strains that are resistant to CCFQ have 
been isolated, and the DHOD produced by these 

25 strains is resistant to inhibition by CCFQ. Finally, the 
DNA sequence responsible for imparting resistance 
to these mutant strains was isolated and was shown 
to comprise a mutation of the DHOD gene. These re- 
sults establish DHOD inhibition as the mode of action 

30 for CCFQ. This is a novel fungicidal mode of action, 
and its discovery opens the opportunity to detect nov- 
el chemical compounds that attack the same target. 

Our method for identifying potential fungicides 
does not require use of any particular DHOD inhibition 

35 assay. A suitable assay is described hereinafter, but 
those skilled in the art can readily substitute function- 
ally equivalent test methods. For example, although 
the assay described hereinafter uses DHOD pro- 
duced by Pyricularia grisea, the DHOD produced by 

40 other fungi may be substituted. Preferably the DHOD 
of a commercially significant target fungus, such as 
Pyrenophora teres, Rhynchosporium secalis, Ventur- 
ia inequaiis, Alternaria mali f Rhizoctonia solani, Fusa- 
rium sp., Leptosphaeria nodorum, Pseudocercospor- 

45 ella herpotrichoides, Pyricularia oryzae, Pyricularia 
grisea, Phytophthora infestans, Phytophthora sp.,Py- 
thium sp., Mycosphoerella tritici, Gorticium sasakii., 
is used. Compounds that are active in the DHOD in- 
hibition assay are then tested using any desired fun- 

50 gicide activity test. In this context, "active in the 
DHOD inhibition assay" means that a measurable re- 
duction in DHOD activity is observed. We have found 
it convenient in our work to restrict further testing to 
those compounds that cause at least a 50% reduction 

55 in DHOD activity. 

Our fungicide method and fungicide composition 
require use of a "DHOD inhibitor". As used in describ- 
ing and claiming the fungicide method and fungicide 
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composition, the term "DHOD inhibitor" encompass- 
es any compound that: (a) produces measurable in- 
hibition in a DHOD inhibition assay using DHOD from 
a target fungus; (b) is not a general enzyme inhibitor, 
and (c) is not a 4-substituted quinoline, quinazoline, 
cinnoline, naphthyridine, pyridopyrimidine, thienopyr- 
imidine, furopyrimidine, or other compound that was 
known to have fungicidal activity prior to the filing 
date of this application. It should be understood that 
no fungicide was known to have DHOD inhibition as 
its mode of action at the time the present invention 
was made. Applicants invention is not intended to en- 
compass fungicidal use of any previously known fun- 
gicide. 

Preferred DHOD inhibitors are those which pro- 
duce at least a measurable reduction in DHOD activ- 
ity when tested at tOiag/mL in the Pyricularia grisea 
DHOD Inhibition Assay described hereinafter. 

More preferred DHOD inhibitors are those which 
produce at least a 25% reduction in DHOD activity 
when tested at 10ng/mL in the Pyricularia grisea 
DHOD Inhibition Assay. 

Especially preferred DHOD inhibitors are those 
which produce at least a 50% reduction in DHOD ac- 
tivity when tested at 1 0^g/mL in the Pyricularia grisea 
DHOD Inhibition Assay. 

R. W. Miller has described DHOD isolation and 
assay methods. Can. J. Biochem. 53, 1288 (1975); 
Methods in Enzymology, 51 , 63 (1978). The following 
DHOD inhibition assay is adapted from those descri- 
bed by Miller. 

Pyricularia grisea DHOD Inhibition Assay 

DHOD inhibition is measured by spectrophoto- 
rnetrically observing (at 610 nm) the reduction of di- 
chloroindophenol (DCIP) by electrons liberated when 
dihydroorotate is oxidized to orotate. Electrons are 
transferred to DCIP in the reaction mixture via ubiq- 
uinone-30. DCIP is a dark blue dye that strongly ab- 
sorbs at 610 nm and becomes clear when reduced. 
Rotenone and KCN are added to the reaction mixture 
to prevent transfer of electrons to DCIP via other path- 
ways. 

"Stock reaction mix" for use in the DHOD inhibi- 
tion assay comprises the following reagents in solu- 
tion in T-TX100 buffer ("T-TX100 buffer" comprises 
50mM Tris-HCI, pH 7,5 containing 0.1% Triton X100): 



ubiquinone-30 
dihydroorotic acid 
dichloroindophenol (DCIP) 
potassium cyanide (KCN) 
rotenon 



500 nM 
500 (iM 
250 |aM ! 
43.75 mM \ 
150 nM i 



"stock control mix" is identical to stock reaction 
mix, except that the ubiquinone-30 is omitted. 

DHOD for use in the assay was obtained as fol- 
lows. Cultures of Pyricularia grisea Sacc. strain P-2 

5 (ATCC 58061 , Tokousbalides and Sisler, 1979) were 
maintained on oatmeal agar, which was prepared by 
straining 37.5 g of oatmeal boiled in 1 liter of water 
through two layers of cheesecloth, then adding 1 3 g 
of agar per liter before autoclaving 30 minutes. Oat- 

w meal agar plates were flood-inoculated with conidia 
or macerated mycelia and incubated at 24°C for ten 
days under cool white fluorescent lighting. Conidia 
were harvested by dislodging with a sterile glass rod 
in water containing 0.1% Tween 20, then filtered 

15 through sterile glass wool. Flasks containing Media 
56 (Coursen and Sisler, Amer. J. Bot 47, 541 (1960)) 
supplemented with 2 x phosphate and 2% yeast ex- 
tract were inoculated to provide 1.5 X 10 7 conidia 
L 1 . The cultures were incubated at 150 rpm for 38-42 

20 hours at 30°C. Mycelia were collected on miracloth by 
vacuum filtration and washed twice with cold Tris buf- 
fer (50 mM Tris-HCI, pH 7.5). 

Harvested mycelia were resuspended in two vol- 
umes of Tris buffer. Equal volumes (175 ml_) of resus- 

25 pended mycelia and 0.5 mm diameter glass beads 
were placed in a 350 mL Beadbeater ™ chamber (Bio- 
spec Products, Bartlesville, OK), Mycelia were brok- 
en by operating the Beadbeater for four 30-second 
cycles with 30-second cooling intervals between cy- 

30 cles. The homogenate was decanted, and the beads 
washed with approximately one volume of buffer 
which was added to the homogenate. The pooled ho- 
mogenate was centrifuged at 3,000 x g for 10 min at 
4°C. The supernatant was recovered and adjusted to 

35 25 mM CaCI 2 by slowly adding solid CaCI 2 H 2 0. The 
supernatant was then centrifuged at 30,000 x g for 30 
minutes at 4°C. The pelleted material was homogen- 
ized in a glass/teflon tissue grinderwith approximate- 
ly 1 50 mL of T-TX1 00 buffer per liter of pooled homo- 

40 genate. The homogenate was frozen dropwise in liq- 
uid N 2 and stored at minus 80°C. 

"Dilute DHOD solution" was prepared by diluting 
one volume of homogenate with four volumes of T- 
TX100 buffer containing 6.25 mM dihydroorotate. Us- 

45 ing this dilution rate gives an activity in the assay of 
50-70 mAbs 61 onrr/i™n for 5 minutes. The presence of 
the dihydroorotate is required to maintain satisfactory 
stability of the enzyme. 

Samples (2-3 mg) of compounds to be screened 

so are dissolved in DMSO to obtain a stock sample hav- 
ing a concentration of 1 mg/mL for each compound. 

The assay is preferably conducted using Falcon® 
96-well, flat bottom polystyrene plates. These plates 
have 96 wells arrayed in 12 columns and 8 rows. To 

55 each well in columns 2, 5, and 8 of the 96 well plate 
is added 20 \.iL of a different stock sample. According- 
ly, 24 different compounds can be tested on one 
plate. Then 180 of T-TX-100 buffer is added to 
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each of the wells in columns 2, 5. and 8, resulting in 
a 10-fold dilution from the initial concentration of the 
stock sample. 

To each well in columns 3,4,6,7,9, and 10 of the 
plate is added 80 \xL of stock reaction mix. Then, for 5 
each row. 20 u,L of diluted test solution from the well 
in column 2 are transferred to each of the two wells 
in columns 3 and 4 of the same row. The contents of 
each well are mixed. Similarly, for each row, 20 nl_ of 
diluted test solution from the well in column 5 are 10 
transferred to each of the two wells in columns 6 and 
7 , and 20 \jlL of diluted test solution from the well in 
column 8 are transferred to each of the two wells in 
columns 9 and 10. At this point, each of the wells in 
columns 3,4,6,7,9, and 10 contains 100 ^Lof solution 15 
with a concentration of 20 ^g/mL of test compound. 
Columns 3 and 4 contain duplicate samples for the 
first eight compounds, columns 6 and 7 contain dupli- 
cate samples for the second eight compounds, and 
columns 9 and 10 contain duplicate samples for the 20 
remaining eight compounds. 

The inhibition of DHOD by CCFQ may desirably 
be used to standardize the effects of other test com- 
pounds on DHOD activity. For this purpose, we typi- 
cally include CCFQ at concentration of 10, 5, and 1 25 
ng/mL in DMSO (resulting in final concentration of 
0.1, 0.05, and 0.01 ng/mL) as the last three com- 
pounds on the plate. 

The wells in column 1 of the plate are used for de- 
termining background and total activity. 20 nL of T- 30 
TX100 buffer is pipetted into each well in column 1 of 
the plate. Then, to each well in the first four rows 
(A,B,C, and D) of column 1 are added 80 ^iL of stock 
control mix (background). To each well in the last four 
rows of column 1 (E,F,G,and H) are added 80 u.L of 35 
stock reaction mix (total). 

Preparation of the plates is preferably automated, 
using a Biomek 1 000 Automated Laboratory Worksta- 
tion (Beckman) to dilute the stock compounds and 
add appropriate volumes of reaction solutions and 40 
compounds to the individual wells of the 96-well mi- 
crotiter plate. 

The assay is initiated by adding 100 \xL of dilute 
DHOD solution to each well, which is conveniently 
done using an Eppendorf 8-channel dispenser. After 45 
this solution is added, the concentration of test com- 
pound in each well is 1 0 }ig/mL. The contents of each 
well on the plate is mixed, and changes in absorbance 
at 610 nm are recorded every 10 seconds for 5 min- 
utes using the THERMO max ™ (Molecular Devices) 50 
plate reader(set at 30°C incubation temperature). 

The rate of absorbance change per minute 
(mAbs 610nfT> /min) due to reduction of DCIP is then cal- 
culated for each sample and the background controls. 
A plot of absorbance versus time for each well yields 55 
a downward sloping line, reflecting decreased absor- 
bance as the DCIP is reduced. Under the conditions 
of the assay described above, the plot is essentially 



linear. Compounds that inhibit DHOD reduce the re- 
action rate and result in a linear plot with a reduced 
slope. Percent activity is calculated using the follow- 
ing formula 

% activity = 100 X (rat6tert " ^background* 
(ratetotai - ratebackgrourxl) 

where rate background is given by the slope of the curve 
obtained for cells in the first four wells of column 1, 
ratetotai refers to the slope of the curve obtained for 
cells in the second four rows of column 1, and rate^ 
refers to the slope obtained for the wells containing 
test compound. 

We have found a strong correlation between ac- 
tivity of a compound in the DHOD assay and fungi- 
toxicity. 

The present invention is directed to fungicidal use 
of compounds that inhibit DHOD, as opposed to fun- 
gicidal use of compounds that inhibit enzymes gener- 
ally. An example of a compound that inhibits enzymes 
generally is maneb. To eliminate the possibility that a 
compound active in the DHOD assay is a general en- 
zyme inhibitor, the active compound can be tested in 
a second enzyme assay. A suitable assay for this pur- 
pose is the E. Coli alkaline phosphatase assay descri- 
bed by Garen and Levinthal, Biochim. B'tophys. 
ACTA, 38, 470 (1960). If the compound is not active 
in the second enzyme assay, it may be concluded 
that the compound does not inhibit enzymes gener- 
ally. 

Biological efficacy of a fungicidal compound in 
whole organisms is influenced by many factors, in- 
cluding not only intrinsic activity of the compound, i.e. 
efficiency of its interaction with the target molecule, 
but also stability of the compound and ability of the 
compound to be translocated to the target site. The 
DHOD inhibition assay measures the intrinsic activity 
of the compound. It will be appreciated by those skil- 
led in the art that once a potential fungicide is detect- 
ed using the DHOD assay, conventional techniques 
must be used to determine the usefulness of the com- 
pound in various environments. 

As used herein, the term "fungi inhibiting amount 
of DHOD inhibitor" refers to an amount of DHOD in- 
hibitor sufficient to kiil or inhibit the fungi it is desired 
to control. 

When employed in the treatment of plant fungal 
diseases, the DHOD inhibitors are applied to the 
plants in a disease inhibiting and phytologically ac- 
ceptable amount. The term "disease inhibiting and 
phytologically acceptable amount," as used herein, 
refers to an amount of a compound of the invention 
which kills or inhibits the plant disease for which con- 
trol is desired, but is not significantly toxic to the plant. 
This amount will generally be from about 1 to 1000 
ppm, with 1 to 500 ppm being preferred. The exact 
concentration of compound required varies with the 
fungal disease to be controlled, the type formulation 
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employed, the method of application, the particular 
plant species, climate conditions and the like. A suit- 
able application rate is typically in the range from 100 
to 1000 g/ha The compounds of the invention may 
also be used to protect stored grain and other non- 
plant loci from fungal infestation. 

Compositions 

When used on plants, DHOD inhibitors are ap- 
plied in the form of compositions which are important 
embodiments of the invention, and which comprise a 
DHOD inhibitor as active ingredient in combination 
with a phytologically-acceptable inert carrier. The 
compositions are either concentrated formulations 
which are dispersed in water for application, or are 
dust or granular formulations which are applied with- 
out further treatment. The compositions are prepared 
according to procedures and formulae which are con- 
ventional in the agricultural chemical art, but which 
are novel and important because of the presence 
therein of the compounds of this invention. Some de- 
scription of the formulation of the compositions will be 
given, however, to assure that agricultural chemists 
can readily prepare any desired composition. 

The dispersions in which the compounds are ap- 
plied are most often aqueous suspensions or emul- 
sions prepared from concentrated formulations of the 
compounds. Such water-soluble, water-suspendable 
or emulsifiable formulations are either solids usually 
known as wettable powders, or liquids usually known 
as emulsifiable concentrates or aqueous suspen- 
sions. Wettable powders, which may be compacted to 
form water dispersible granules, comprise an intimate 
mixture of the active compound, an inert carrier and 
surfactants. The concentration of the active com- 
pound is usually from about 10% to about 90% by 
weight. The inert carrier is usually chosen from 
among the attapulgite clays, the montmorillonite 
clays, the diatomaceous earths, or the purified sili- 
cates. Effective surfactants, comprising from about 
0.5% to about 1 0% of the wettable powder, are found 
among the sulfonated lignins, the condensed naph- 
thalenesulfonates, the naphthalenesulfonates, the 
alkylbenzenesulfonates, the alkyl sulfates, and non- 
ionic surfactants such as ethylene oxide adducts of 
alkyl phenols. 

Emulsifiable concentrates of the compounds 
comprise a convenient concentration of a compound, 
such as from about 50 to about 500 grams per liter of 
liquid, equivalent to about 10% to about 50%, dis- 
solved in an inert carrier which is either a water mis- 
cible solvent or a mixture of water-immiscible organic 
solvent and emulsifiers. Useful organic solvents in- 
clude aromatics. for example the xylenes, and the 
petroleum fractions, especially the high-boiling naph- 
thalenic and olefinic portions of petroleum such as 
heavy aromatic naphtha. Other organic solv nts may 
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also be used, such as the terpenic solvents including 
rosin derivatives, aliphatic ketones such as cyclohex- 
anone, and complex alcohols such as 2-ethoxyetha- 
nol. Suitable emulsifiers for emulsifiable concen- 

5 trates are chosen from conventional nonionic surfac- 
tants, such as those discussed above. 

Aqueous suspensions comprise suspensions of 
water-insoluble compounds of this invention, dis- 
persed in an aqueous vehicle at a concentration in the 

10 range from about 5% to about 50% by weight. Sus- 
pensions are prepared by finely grinding the com- 
pound, and vigorously mixing it into a vehicle com- 
prised of water and surfactants chosen from the same 
types discussed above. Inert ingredients, such as in- 

15 organic salts and synthetic or natural gums, may also 
be added, to increase the density and viscosity of the 
aqueous vehicle. It is often most effective to grind and 
mix the compound at the same time by preparing the 
aqueous mixture, and homogenizing it in an imple- 

20 ment such as a sand mill, ball mill, or piston-type ho- 
mogenizer. 

The compounds may also be applied as granular 
compositions, which are particularly useful for appli- 
cations to the soil. Granular compositions usually 

25 contain from about 0.5% to about 10% by weight of 
the compound, dispersed in an inert carrier which 
consists entirely or in large part of clay or a similar in- 
expensive substance. Such compositions are usually 
prepared by dissolving the compound in a suitable 

30 solvent, and applying it to a granular carrier which has 
been pre-formed to the appropriate particle size, in 
the range of from about 0.5 to 3 mm. Such composi- 
tions may also be formulated by making a dough or 
paste of the carrier and compound, and crushing and 

35 drying to obtain the desired granular particle size. 

Dusts containing the compounds are prepared 
simply by intimately mixing the compound in pow- 
dered form with a suitable dusty agricultural carrier, 
such as kaolin clay, ground volcanic rock and the like. 

40 Dusts can suitably contain from about 1% to about 
1 0% of the compound. 

It is equally practical, when desirable for any rea- 
son, to apply the compound in the form of a solution 
in an appropriate organic solvent, usually a bland pet- 

45 roleum oil, such as the spray oils, which are widely 
used in agricultural chemistry. 

Fungicides are generally applied in the form of a 
dispersion of the active ingredient in a liquid carrier. 
It is conventional to refer to application rates in terms 

so of the concentration of active ingredient in the carrier. 
The most widely used carrier is water. 

DHOD inhibitors can also be applied in the form 
of an aerosol composition. In such compositions the 
active compound is dissolved or dispersed in an inert 

55 carrier, which is a pressure-generating propellant 
mixture. The aerosol composition is packaged in a 
container from which the mixture is dispensed 
through an atomizing valve. Propellant mixtures com- 
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prise either low-boiling halocarbons, which may be 
mixed with organic solvents, or aqueous suspensions 
pressurized with inert gases or gaseous hydrocar- 
bons. 



Claims 



50% reduction in DHOD activity when tested in 
the Pyricularia grisea DHOD Inhibition Assay at 
10(Ag/mL. 

5 10. A fungicide composition comprising a DHOD in- 
hibitor as the active ingredient in combination 
with a carrier and/or a second fungicide. 



1. A method for identifying potential fungicides 
which comprises: 

(a) testing a candidate compound in a DHOD 
inhibition assay, and 

(b) if the candidate compound is active in the 
DHOD inhibition assay, testing the compound 
for activity against fungi. 

2. The method of claim 1 including the additional 
step of, if the candidate compound is active in the 
DHOD inhibition assay, testing the candidate 
compound for activity against a second enzyme 
to eliminate the possibility that the compound is 
a general enzyme inhibitor. 

3. The method of claim 2 wherein the second en- 
zyme is E. coli alkaline phosphatase. 

4. A method as claimed in any one of the preceding 
claims for identifying potential plant fungicides, 
wherein the assay utilizes DHOD isolated from 
any of the following plant pathogens: Pyreno- 
phora teres, Rhynchosporium secalis, Venturia 
inequalis, Alternaria mail, Rhizoctonia solani, Fu- 
sarium sp., Leptosphaeria n odor urn, Pseudocer- 
co spore I la herpotrichoides, Pyricularia oryzae, 
Pyricularia grisea, Phytophthora infestans, Phy- 
tophthora sp.,Pythium sp., Mycosphoerelia tritici, 
Gorticium sasakii. 

5. The method of any one of claims 1 to 4, wherein 
the DHOD inhibition assay utilizes DHOD pro- 
duced by Pyricularia grisea. 

6. The use as a fungicide of a DHOD inhibitor. 



11. A fungicide composition of claim 10 wherein the 
w DHOD inhibitor is one which produces a measur- 
able reduction in DHOD activity when tested at 
1 0ng/mL in a DHOD inhibition assay using DHOD 
isolated from any of the following plant patho- 
gens: Pyrenophora teres, Rhynchosporium seca- 

15 lis, Venturia inequalis, Alternaria mali, Rhizocto- 

nia solani, Fusarium sp,, Leptosphaeria nodor- 
um. Pseudocercosporella herpotrichoides, Pyri- 
cularia oryzae, Pyricularia grisea, Phytophthora 
infestans, Phytophthora sp.,Pythium sp., Mycos- 

20 phoereila tritici, Gorticium sasakii. 

12. The fungicide composition of claim 11 wherein 
the DHOD inhibitor is one which produces a 
measurable reduction in DHOD activity when 

25 tested at 1 0^g/mL in the Pyricularia grisea DHOD 

Inhibition Assay . 

13. The fungicide composition of claim 12 wherein 
the DHOD inhibitor is one which produces atleast 

30 a 25% reduction in DHOD activity when tested in 

the Pyricularia grisea DHOD Inhibition Assay at 
104ig/mL. 

14. The fungicide composition of claim 13 wherein 
35 the DHOD inhibitor is one which produces at least 

a 50% reduction in DHOD activity when tested in 
the Pyricularia grisea DHOD Inhibition Assay at 
1 0ng/mL. 



7. The use in accordance with claim 6 wherein the 45 
DHOD inhibitor is one which produces a measur- 
able reduction in DHOD activity when tested in 

the Pyricularia grisea DHOD Inhibition Assay at 
10ng/mL. 

50 

8. The use in accordance with claim 7 wherein the 
DHOD inhibitor is one which produces at least a 
25% reduction in DHOD activity when tested in 
the Pyricularia grisea DHOD Inhibition Assay at 
10u.g/mL. 55 

9. The use in accordance with claim 8 wherein the 
DHOD inhibitor is one which produces at least a 
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US-A-5 145 843 (WENDELL R. ARNOLD; MICHAEL 
J. COGHLAN; GLENN P. JOURDAN ET AL.) 
8 September 1992 

* column 11; example 35; table 1 * 

* column 20, line 10 - line 68 * 

* example 35; table 6 * 

* example 35; table 7 * 
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